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The shoot production of pruned, felled and undamaged Acacia torti/is trees on an old land site in the northern 
Transvaal was compared over two growing seasons. Trees were tolerant of damage and continued to increase 
in size when all current season's shoots were removed. Basal increment of treated pruned trees was less than 
controls. Shoot production, relative to basal area, increased after winter pruning and decreased after summer 
pruning. Shoot production and basal increment were positively correlated with rainfall and indicators of soil moisture. 
Replacement shoots of pruned trees had a higher moisture content and leaf mass in the dry season and were 
more thorny than shoots of undamaged trees. 
Die lootmassa van gesnoeide, afgekapte en onbeskadigde bome van Acacia torti/is is oor twee groeiseisoene, 
in 'n ouland in die Noord·Transvaal, vergelyk. Die bome was bestand teen beskadiging, en alhoewel aile nuwe 
lote verwyder is, het die bome nog steeds in grootte toegeneem. Die toename in basale area van gesnoeide bome 
was minder as die van die kontrole. Die lootproduksie in verhouding tot die basale area, het na 'n winter·snoei 
toegeneem, maar na 'n somer·snoei afgeneem. Lootproduksie en basale area·aanwas is positief gekorreleer met 
reenval en 'n indeks van grondvog. Snoei vermeerder doornagtigheid en droeseisoen·voginhoud en blaarrykheid 
van die lote. 
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Introduction 
The importance of browse trees, and in particular of the 
Acacia species, for livestock production in southern Africa 
has long been recognized (Bonsma 1942; Henrici 1947), but 
possibly undervalued by the farming community. Much 
research effort has been invested in refining methods for 
reducing the density of woody plants in South African range-
land by burning (du Toit 1972a), poisoning (Moore et al. 1985) 
and use of goats to reduce regrowth of felled trees (du Toit 
1972b), but the effects of damage on the production of these 
economically important plants are virtually unknown (Ruther-
ford 1978; Lamprey et al. 1980; Teague et al. 1981; Trollope 
1981). 
Recently agricultural research in the thornveld and valley 
bushveld of the eastern Cape (Teague et al. 1981; Aucamp 
et al. 1984) has shown that the use of browse plants and grass 
by a combination of goats and cattle is more profitable than 
clearing the land for cattle farming. Mixed stocking using 
cattle and indigenous browsers has been found cost effective 
in the drier savannas of southern Africa (Walker 1980; Pellew 
1980). Woody plants provide not only animal feed, but supply 
most of southern Africa's rural population with fuel and 
building material Oe Roux 1979; Whitlow 1979; Milton & 
Bond 1986). 
Information on the effects of damage, including felling, 
lopping, pruning, browsing and defoliation, on yield compo-
nents of trees (stem basal and height increments, shoot and 
pod mass) is a basic requirement for assessment (Stuart-Hill 
et al. 1986) and management of trees for animal or wood 
production. 
With these needs in mind I began a pilot study in the Tugela 
valley in 1980, recording density, size class structure, shoot 
and pod mass in Acacia tortilis (Forsk.) Hayne ssp. hetera-
cantha (Burch.) Brenan-dominated scrub, and experimentally 
lopping and pruning trees. Preliminary results (Milton 1983) 
indicated that shoots produced by damaged trees were less 
numerous but longer, thicker and more branched than shoots 
of control trees. Pruned trees and trees on the banks of the 
Tugela river remained more leafy in the winter than control 
trees and trees in dry sites. 
A more rigorous study of pruning effects on A . tortilis 
appeared necessary. Between 1982 and 1986 a detailed investi-
gation of the effects of pruning on this species was carried 
out near Nylsvley in the northern Transvaal. Specific aims 
were: 
(a) to compare effects of pruning and felling at different 
seasons and frequencies on annual shoot mass production 
and basal increment, 
(b) to determine the effects of tree size on relative basal 
increment and shoot production, 
(c) to relate shoot mass production to rainfall and environ-
mental factors, 
(d) to compare thorniness and leafiness of the shoots of 
pruned and felled trees with shoots of undamaged trees 
and 
(e) to document changes in the structure of a young A. tortilis 
stand with time. 
Study area 
A large and fairly homogeneous old land on the farm Deelkraal 
(24°42'S, 28°39'E) within 2 km from the Savanna Ecosystem 
Study Site at Nylsvley, was selected as the study site. This land, 
last ploughed in 1966, 16 years before the start of the study, 
supported a relatively low density of thorn trees (314 S.£. ± 
30 ha- 1), numerically dominated by A. tortilis (81070) and 
including A. nilotica (L) Willd. ex Del. (7%), Dichrostachys 
cinerea (L) Wight & Arn. (5%), A. karroo Hayne (4%), A. 
mellifera (YaW.) Benth. (2%), A. tenuispina Verdoorn « 1 %) 
and Mundulea sericea (Willd.) A. Chev. « 1 %). Most of the 
trees (> 80%) were below 2 m in height and under 60 mm 
in stem base diameter. 
The area was generally flat, but pocked with slight mounds 
(possibly termitaria) and depressions . Soil was fine textured 
with a high clay content. The mean annual rainfall is ca. 
600 mm p.a., 90% of which falls in the hot season October 
to April. Mean daily temperature minima and maxima are 
16° - 30°C in January and 6° - 21°C in June (Rutherford 
1984). Annual rainfall figures cited in the text run from July 
of one year to June of the following year so as to cover a 
single growing season. Rainfall data were collected at the 
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Savanna Ecosystem Study Site weather station (590/370/5) 
about 2 km from the Deelkraal site. 
Methods 
Pruning and felling treatments 
A total of 10 treatments (Table 1) can be grouped as follows: 
(a) controls where shoot mass was estimated from shoot 
diameter using regression equations, 
(b) pruning involving removal of current year's shoots once 
during the winter of 1982 or on one or more occasions 
in the summer of 1982/83, and in June 1983 and 1984, 
(c) felling, in which trees were cut 100 mm above ground level 
in the winter of 1982 or summer of 1982/83 and coppice 
regrowth removed on two or five occasions. 
A sample of 18 matched A. tortilis trees was used in each 
of the treatments, preliminary sampling and variance analysis 
having shown that this was the minimum number of trees 
required for an error < 15070 on the mean current shoot mass 
per tree. Trees used for pruning treatments and controls all 
had basal areas of between 300 mm2 and 900 mm2 (class 1). 
Larger trees (class 2) with basal areas of 1 000 mm2 to 
2 000 mm2 were used in most of the felling treatments 
(Table 1). 
Table 1 Treatments applied to A. tortilis trees at 
Deelkraal. Code is the symbol used in text and tables 
when referring to a particular treatment; class refers 
to tree basal area in June 1982: class 1 = 300 mm2 to 
900 mm2, class 2 = 1 000 mm2 to 2 000 mm2; n is 
sample size. Symbols in table are as follows: E = shoot 
mass estimated from twig diameter using a regression 
equation; 11/ = all annual shoot growth or regrowth 
removed; 1\1 = half of each new shoot removed; IDI 
= annual shoot growth removed as well as all foliage 
on old shoots; F = tree felled at stem base 
Code C PWI PW6 PW7 PS2 PS3 PS4 Fw Fs Fd l Fd2 
Class I I I I I I 2 2 I 2 
n 18 18 18 18 18 18 18 18 18 9 9 
Jun 82 E E III F 
Aug 82 - III 
Nov 82 IV III 
Dec 82 IV F 
Jan 83 IV III 101 
Feb 83 IV F F 
Mar 83 - IV III III III 
Api 83 IV III III III 
May 83 - III III 
Jun 83 E III III III III III II I III III III III 
Jun 84 III II I III III III III III III III III III 
Experimental design 
A 4-ha grid comprising 100 square quadrats each 400 m2 in 
area was pegged out at Deelkraal in June 1982. Five hundred 
A. torti/is trees 0,5 - 2,0 m in height were marked with 
numbered metal tags. The grid was then conceptualized as 
nine blocks varying in size, so that each block contained a 
minimum of six large (class 2) and 14 smaller (class 1) A. 
tortilis trees . Using a random number table, 10 treatments 
were allocated to 20 marked trees in each block, so that two 
trees per block received the same treatments. This experimental 
design was intended to reduce the probability that environ-
mental gradients would be confused with treatment effects. 
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Shoot production 
Shoot mass, as used in this paper, refers to the oven-dry 
weight of current season's shoots excluding leaves and is used 
as an index of shoot production. It includes losses to herbi-
vory, as herbivores (other than domestic browsers) were not 
excluded from the experimental area. Leaf mass was not 
included in the index of shoot production because differences 
in the timing of leaf fall between trees could invalidate 
dormant season comparisons of shoot production. 
The comparison of treatment effects on performance of 
trees differing in basal area, and of pruned with felled trees, 
required that shoot mass be expressed in relative terms. In 
order to compare shoot production of felled with pruned trees, 
shoot mass is relativized against the basal area of trees at the 
start of the experiment (g mm - 2 initial base area) . For all 
other comparisons, including those between pruning treat-
ments, between sites and between years, shoot mass is relati-
vized against the basal area of the tree at the time of assess-
ment (g mm - 2 current base area) . 
Shoot mass of control trees was estimated by measuring 
the basal diameters of all current season's shoots distal to their 
basal swelling (Figure 1). Diameter measurements were 
converted to area and summed for the whole tree. A regression 
equation (1), r = 0,992, derived from shoot samples from 
10 trees, was used to convert area to dry mass. 
M = 0,272A + 0,052 (1) 
where A = sum basal areas of all current season's shoots 
(mm2) and M = estimated shoot dry mass (g). 
Figure 1 Current season's shoots on A. torti/is photographed in June. 
Arrow marks point where shoot basal diameter measurements were 
made. Note light grey pubescence on new shoots, white thorns and the 
swelling at the base of current shoots. 
There was no significant difference (Fl ,33; P < 0,1) between 
the estimated and actual shoot dry mass of control trees 
at the ends of either the first or second seasons of the 
experiment. Accuracy of these estimates was checked by 
pruning a set of measured, undamaged trees in June 1983 
and by pruning the controls themselves in June 1984. 
Shoot production of pruned and felled trees was measured 
by cutting all shoots on a tree at the base of the earliest growth 
flush of the current growing season. Current season's shoots 
(Figure 1) were identified by their grey pubescence, pliability, 
the swelling at their junction with previous year's growth and 
by the waxy whiteness of their thorns. Freshly cut shoots were 
weighed in the field. Subsamples were weighed in the laboratory 
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and oven dried at 70°C for 24 h. Leaves and stems of sub-
samples were then separated and reweighed, and the ratio 
between the mass of fresh leafy shoots and that of oven-dry 
leafless shoots used to convert the total fresh mass of shoots 
weighed in the field to leaf-free dry mass. 
Leaves, thorns and moisture content 
Leaf dry mass data and shoot wet/dry mass ratios were used 
in comparisons of treatment effects on the moisture content 
and leafiness of shoots. The straight thorns were clipped from 
all shoot subsamples collected in June 1984, and weighed 
separately from stems and leaves, so that the percentage of 
shoot dry mass comprising thorns could be compared between 
treatments. 
Basal increment 
Basal areas of all control and pruned trees were measured 
in June 1982, before application of treatments, and were re-
measured in June of the years 1983, 1984 and 1986. The 
largest diameter of every stem of each tagged tree was 
measured, to the nearest mm, at ca. 100 mm from ground 
level. Diameters were converted to area, and the basal area 
of each tree calculated, the basal areas of multistemmed trees 
being the sum of the areas of their component stems. These 
measurements were sufficiently accurate for calculation of 
annual increments and for correlation of increments with 
treatment frequency, time and rainfall data. 
Tree size correlates 
The relationship between tree base area and basal increment 
was investigated using data from 80 tagged, non-experimental 
trees scattered throughout the grid. These trees ranged in size 
from 110 to 12 270 mm2 in basal area when the grid was 
established in June 1982. They were re-measured in June 1986. 
Size class distribution 
In order to obtain an estimate of the size class distribution 
of the tree population in the study grid, heights and basal 
areas of all 182 trees present in the first 15 quadrats of the 
grid were measured in June 1982. In June 1986, the 116 trees 
still bearing legible tags were re-measured and the presence 
or absence of pods noted. 
Environmental correlates 
In order to relate basal increment and shoot production to 
tree density and grass cover, the number of trees in each of 
the 100 quadrats was recorded and an index of grassiness 
calculated (2): 
I=HxC ~ 
where I is the index of grassiness, H is a grass height rating 
(1 = < 0,25 m; 2 = 0,26-0,50 m; 3 = 0,51-1,00 m; 4 = 
> 1,00 m) and where C is a grass projected canopy cover 
rating (1 = < 5070; 2 = 6 - 25070; 3 = 26 - 50070; 4 = 51-
75070; 5 = > 75070). 
The following hypotheses were tested in order to separate 
the effects of rainfall and tree size on shoot production and 
basal increment: 
HI: relative annual shoot mass production (g mm - 2 current 
stem basal area) is positively correlated with tree basal 
area at the end of the growing seasons sampled (July to 
June 1982, 1983 and 1984), and 
H2: relative annual shoot mass production (g mm - 2 current 
stem basal area) is positively correlated with total annual 
rainfall (July to June) of the current or previous growing 
season. 
III 
Rainfall data used in these correlations were collected at 
the Savanna Ecosystem Study Site station (590/370/7). Data 
recorded at this station for the period July 1981 to June 1982 
differ greatly from those recorded at the nearby Nylsvley 
Nature Reserve station (590/307/7), but follow the same trend 
as data from Towoomba: for this reason station 590/370/5 
data were selected for use in the correlations. All data were 
extracted from printouts supplied by the Weather Bureau, 
Pretoria. 
Comparisons between sites 
Relative annual shoot mass production (g mm - 2 current tree 
basal area) of A. tortilis trees at the pilot study site in the 
Tugela valley, are compared with yields of trees at Deelkraal. 
Shoot production of control and pruned trees at the pilot site 
was estimated from basal diameter measurements of current 
shoots. 
Shoot mass production (g ha -1 yr- I) of stands of Acacia 
trees may be estimated from tree density, basal area and 
relative shoot production of the trees (3): 
T=DxAxY m 
where T = estimated twig dry mass production (g ha - I yr - I), 
D = mean density of stand (trees ha - I), A = mean tree basal 
area (mm2) and Y = mean annual dry mass yield per tree 
(g mm - 2 yr - 1). 
Results 
Basal area increment 
Mean basal areas of class 1 trees did not differ significantly 
in June 1986 before treatments were applied (F5,177 = 0,54), 
but differed significantly between treatments and controls in 
subsequent years. Slopes of regression lines representing rates 
of basal increment, differed significantly (Figure 2) between 
control and pruned trees. 
Mean basal increments of pruned trees were highly variable 
(ca. 25070 error at 95070 confidence limits), so that differences 
between treatments were not significant at the P = 0,05 (F4.95 
= 2,24). The relationship between basal area and pruning 
frequency was however significant (P = 0,01) and negative 
(Figure 3). 
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Figure 2 Increase in stem basal areas of control (0) and pruned (e) 
A. torti/is at DeelkraaI between June 1982 and June 1986. Bars show 
95010 confidence limits for means. Regression equations are as follows: 
control trees (0) Y = - 0,851 + 6,380x; n = 199; r = 0,727; pruned 
trees (e) y = 2,189 + 3,749x; n = 313; r = 0,681 where y = basal 
area of tree (mm2 and x = years. Slopes differ significantly (Fl .522 = 
32,71; P < 0,005). 
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Basal increments of large trees exceeded those of small trees, 
but relative growth rate decreased as tree size increased (Figure 
4) following a negative exponential curve. 
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Figure 3 Effects of pruning frequency on mean annual stem base 
increment of A. torti/is at Deelkraal. Bars show 95070 confidence limits 
for means. Line fitted to linear equation: y = 6,45 - 0,819x; n = 
4; r = -0,976; P = < 0,01, where y is the mean basal increment of 
trees and x is the number of times within 4 years that annual growth 
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Figure 4 Effect of initial stem basal area on relative basal growth rate 
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10gIOx; n = 80; r = - 0,736; P < 0,001, where y is the RGR of the 
tree base and x is the stem basal area measured in June preceding 
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Shoot production 
The total shoot mass (g tree - I) produced in the 2-year period 
July 1982 to June 1984, differed significantly between treat-
ments (FIO •I64 = 5,24; P = 0,(01). Figure 5 shows that the 
total shoot mass of control trees was less than that of trees 
pruned in two consecutive winters (PW6, PW7), but greater 
than that of trees initially pruned or defoliated in the summer 
of 1982/83 and again in the winter of 1983 (PS2, Ps3, Ps4). 
As all trees used in the felling trials (with the exception of 
the nine trees in Fd l ) were of the larger size (class 2), their 
shoot mass yield should not be compared directly with that 
of the control and pruned trees. Winter-felled trees (Fw) 
produced a greater mass of shoots than trees felled in summer 
S.-Afr. Tydskr. Plantk., 1988, 54(2) 
OJ 
~ 
~ 1200 
Vl 
Vl 
« 800 1: 
>-
n:: 
0 400 
f-
0 
0 
:r: 100 Vl 
1 
n 
[ Pw, Pw6 Pw7 PS2 PS3 PS4 Fs Fw Fd2 Fd , 
TREATMENT 
Figure 5 Total shoot dry mass yields per tree (1982/3 and 1983/4 
seasons combined) of control, pruned and felled A. torti/is trees at 
Deelkraal. Bars show 95070 confidence limits of sample means. Treat-
ment codes as listed in Table I. 
(Fs and Fd). Under continuous summer damage, larger felled 
trees (Fd2) tended to produce more regrowth than (Fd l ) small 
felled trees (Figure 5), but because of the high variance and 
small sample size, there was no significant correlation between 
initial basal area and shoot mass production of these trees. 
Relative shoot production 
In June 1983, shoot mass production (relativized to initial 
basal areas) of trees which had been pruned or felled in the 
summer of 1982/83 was significantly lower than that · of 
control, winter-pruned and winter-felled trees (Table 2). 
Winter-pruned trees tended to have higher shoot yields than 
control trees, but this was only significant when shoot mass 
relativized to the current basal areas of trees (Table 3), (i.e. 
winter-pruned trees are more productive for their size than 
control trees.) 
In June 1984, 12 months after all trees, other than controls, 
had received a winter pruning treatment, only felled trees and 
trees receiving repeated summer damage (Ps2) 18 months 
earlier, had significantly lower shoot production (g mm - 2 
relativized to initial basal area) than control trees (Table 2). 
Trees repeatedly pruned in the growing season of 1982/83 
(PS2) were also less productive for their size than other pruning 
treatments in June 1984 (Table 3). 
Annual shoot production (g mm - 2 initial basal area) 
increased significantly with time (Table 2) in controls and in 
all pruning treatments (P> 0,05), but in felling treatments 
there was little or no change in shoot yield with time (r 
0,052). 
Table 2 Effects of treatments on annual shoot dry 
mass production relativized to initial basal area (g 
mm -2 per tree per year). Means and 95% confidence 
intervals. Means with differing superscripts differ sig-
nificantly at P< 0,05. Treatments coded as in Table 1 
Date of assessment 
Treatment June 1982 June 1983 June 1984 
C 0,25 ± 0,05" 0,54 ± O,13b 1,19 ± 0,32" 
PWI 0,25 ± 0,05" 0,54 ± 0,17b 1,27 ± O,30c 
PW6 0,28 ± 0,06" 0,72 ± O,I4b 1,16 ± O,25c 
PW7 0,24 ± 0,06" 0,64 ± O,lI b 1,17 ± O,27c 
PS2 0,23 ± 0,05" 0,74 ± O,I7b 
PS3 0,29 ± 0,10" 1,02 ± O,35c 
PS4 0,32 ± 0,10" 0,83 ± O,30c 
Fw 0,28 ± 0,04" 0,54 ± O,lI b 0,38 ± O,08"b 
Fs 0,18 ± 0,05" 0,34 ± O,14"b 
Fd 1&2 0,28 ± 0,05" 0,22 ± 0,08" 
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Table 3 Effects of pruning on tree basal area (mm2) 
and annual shoot dry mass production relativized to 
current basal area and expressed as g mm -2 per tree 
per year. Treatment codes as shown in Table 1. Means 
with different superscripts differ Significantly at 
P< 0,05 
Date of assessment 
Treatment 
code . June 1982 June 1983 June 1984 
C base 610 ± 90 1200 ± 230 2050 ± 440 
shoots 0,25 ± 0,05a 0,26 ± 0,03a 0,35 ± 0,08a 
PWI base 520 ± 60 1170 ± 180 1550 ± 240 
shoots 0,25 ± 0,05a 0,24 ± 0,06a 0,42 ± 0,02a 
PW6 base 590 ± 60 1170 ± 250 1480 ± 190 
shoots 0,28 ± 0,06a 0,40 ± 0,08b 0,44 ± 0,08ab 
P W7 base 600 ± 100 1040 ± 170 1470 ± 290 
shoots 0,24 ± 0,06a 0,38 ± 0,06b 0,48 ± 0,12ab 
PS2 base 510 ± 90 930 ± 200 1320 ± 310 
shoots 0,13 ± O,03 c 0,28 ± 0,05ac 
PS3 base 550 ± 90 1110 ± 230 1350 ± 360 
shoots 0,14 ± O,03c 0,36 ± O,l1a 
PS4 base 520 ± 70 780 ± 120 1050 ± 190 
shoots 0,21 ± 0,07a 0,37 ± 0,08a 
Rainfall effects 
Rainfall and tree size both increased throughout the study 
period. The hypothesis that relative annual shoot production 
is positively correlated with tree basal area in any of the three 
growing seasons, was rejected. The relationships between 
relative shoot production and tree size were non-significant 
(P> 0,1) in 1982 and 1983, and negative in 1984 (r = 
- 0,423; P < 0,05). The second hypothesis, that relative 
annual shoot production is positively correlated with total 
annual rainfall (July to June) of the current year, was a<;-
cepted. Figure 6a shows the significant positive correlation 
between relative shoot production and current year's rainfall 
in both control (r = 0,954; P < 0,05) and winter-pruned trees 
(r = 0,949; P < 0,05). Figure 6b shows the correlation 
between mean basal area increments of control trees and 
rainfall of the current year. 
There was no significant relationship between rainfall and 
shoot yield in treatments PS2, Ps3, and PS4 which were pruned 
Figure 6 Effects of rainfall on (a) relative annual shoot yield and (b) 
basal area increment of A . torti/is. Vertical bars indicate 95070 confidence 
interval. (a) (e) winter-pruned trees y = -79,45 + 0,22x; n = 3; r 
= 0,949; P < 0,05. (0) controls y = - 40,47 + O,13x; n = 63; r = 
0,36; P < 0,01, where y is relative dry mass of shoots in June, and 
x is total annual rainfall (July to June) for the current growing season. 
(b) y = - 23,472 + 0,057x; n = 3; r = 0,999; P < 0,001, where y 
is the annual increment (July to June) in stem basal area of control 
trees, and x is annual rainfall (July to June) for that period. 
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in the summer of the second year and in the winter of the 
third year. The relationship between relative annual shoot 
production and the rainfall of the previous year tended 
towards a negative but was non-significant in controls and 
in all treatments. 
Effects of tree density and grass cover 
Total shoot production of control and winter-pruned trees 
(relativized to initial tree basal areas) for the period July 1982 
to June 1984, did not differ significantly between the nine 
blocks in the experimental grid (F8,68 = 1,12). Grass index 
and tree density however, differed greatly between blocks 
(P < 0,001). 
Relative shoot production was positively correlated (r = 
0,814; P < 0,01) with the grass index (Figure 7) but tended 
towards a negative (non-significant) relationship with tree 
density. Correlation between tree density and the grass index 
in each of the 100 quadrats was negative (r = - 0,239; 
P< 0,05). 
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Figure 7 The relationship between the grass index and relative shoot 
production per tree (g mm - 2 current base area) for Acacia tortilis in 
the nine sample blocks at Deelkraal. Line fitted by regression equation: 
y = 75,72 + 16,53x; n = 9; P < 0,01, where y is relativized shoot 
mass and x is the grass index. 
Comparisons between sites 
Data in Table 4 show that the relative shoot production of 
trees on the Tugela plateau in 1981182 did not differ sig-
nificantly from that of trees at Deelkraal in 1982/83, despite 
intersite differences in tree density and basal area. Relative 
shoot production on the Tugela riverbank in 1981182 was 
greater than that at the Deelkraal site in a dry year, but similar 
to that at Deelkraal in the wet year (1983/84). At both sites, 
pruned trees were more productive than controls (P < 0,05). 
Estimates of shoot production (leafless dry mass) of tree 
stands (Table 4) indicate that high density stands of A . tortilis 
would produce more potential browse annually than low 
density stands, and that production is greater in wet years, 
moist sites and in stands subjected to dormant-season pruning. 
Leaves, thorns and moisture content 
Leaves make up ca. 50070 of the total dry mass of current 
shoots of undamaged A. tortilis trees in the growing season 
(November to February) but leaf fall reduces this to ca. 10% 
in the late winter to early spring (August to October) (Figure 
8). Leafiness (leaf dry mass expressed as a percentage of total 
shoot dry mass) is positively correlated with moisture content 
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Table 4 Comparison of relative annual shoot production (g mm -2 current 
basal area) of undamaged and pruned A. torti/is trees at the Tugela valley 
and Oeelkraal sites. Means with different superscripts differ significantly 
at P< 0,05 
Site 
Tugela valley Dee1kraal 
Year 198112 
Rain (mm) 436 
Position plateau 
Trees ha - I 1568 ± 128 
Control 
Trees sampled 10 
Tree base (mm2) 23,1 ± 10,9 
Shoots (g mm - 2) 29,9 ± 12,2ab 
Shoots (kg ha - I) 1083 
Pruned 
Trees sampled 30 
Tree base (mm2) 18,9 ± 5,1 
Shoots (g mm - 2) 35,3 ± 7,7b 
Shoots (kg ha - I) 1108 
(070) of fresh shoots (r = 0,789; P < 0,001). In June 1983, 
summer-pruned trees were significantly leafier than trees 
receiving other treatments (Fl ,143 = 24,1; P < 0,001; Figure 
8). Coppice shoots (Fct), which emerged in May 1983 had a 
high moisture content (73,0070 ± S.E . 1,2070) in June 1983, 
but were too small for leaves and stems to be separated. These 
shoots were producing honey-dew from glands on petioles at 
a time when shoot moisture content of undamaged trees had 
fallen to ca. 40070 . In June 1984, 12 months after winter 
removal of regrowth from all trees, coppice shoots of felled 
trees had significantly higher moisture (Fl ,ss = 7,2; P < 0,05) 
and leaf indices (Fl ,94 = 20,4; P < 0,001) than other trees 
(Figure 8). 
Thorns contributed more to the shoot dry mass of twice-
pruned trees than of controls (Fl ,34 = 2,38; P < 0,2), but 
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Figure 8 (a) Seasonal changes in leaf mass (stippled; given as a 
percentage of whole shoot dry mass) and moisture content (plain; given 
as a percentage of fresh mass of whole shoots) of the current season's 
shoots of young A. tortilis trees at Deelkraal during the 1982 - 83 
growing season. Bars indicate 95070 confidence limits of sample means, 
(b) Effects of six treatments on 070 leaf mass and fl70 moisture content 
of shoots in June 1983, Treatment codes as in Table I. (c) Effects of 
six treatments on fl70 leaf mass, fl70 moisture content and thorn mass 
(black; given as a percentage of leafless shoot dry mass) of A. tortilis 
shoots in June 1984. 
198112 1982/3 1983/ 4 
436 513 567 
riverbnk floodpln floodpln 
314 ± 15 314 ± 15 
10 18 18 
27,1 ± 8,2 12,0 ± 2,3 20,5 ± 4 
37,6 ± 8,9b 25,8 ± 2,7a 34,9 ± 7,4b 
? 97 224 
36 32 
11,1 ± 1,5 14,7 ± 2,1 
38,8 ± 6,7bc 46,0 ± 1,7c 
135 212 
coppice shoots of felled trees were less thorny than either 
pruned or control trees (F1,94 = 6,61; P < 0,05) (Figure 8). 
Thorniness differed greatly between individual trees and the 
positive correlation between pruning frequency and thorniness 
(thorn dry mass as a proportion of shoot dry mass) is barely 
significant (n = 74; r = 0,214; P = 0,1). 
Population structure 
Data presented in this section are biased by the fact that 
unmarked trees including seedings which might have appeared 
between June 1982 and June 1986 were not recorded. There 
was however no obvious change in the abundance of small 
plants in the field. 
Over the 4-year period the mean diameter of marked trees 
in the first 20 quadrats of the grid increased from 40 mm 
(S.E. ± 2 mm) to 67 mm (S.E. ± 6 mm) and mean tree 
height increased from 1,29 m (S.E. ± 0,07 m) to 2,24 m (S.E. 
± 0,14 m), but the mean number of stems per tree decreased 
from 2,84 (± 0,17) to 1,87 (± 0,17). The distribution of trees 
in diameter, height and stem number classes in 1982 and 1986 
is shown in Figure 9. The incidence of pod bearing was not 
recorded in 1982. In 1986, 28070 of the population fruited. 
Pod bearing in A. tortilis was limited to trees over 62 mm 
in basal diameter (3 000 mm in basal area) and over 1,5 m 
in height, and the majority of fruiting trees (61070) was single 
stemmed. Of the trees used in the experimental studies, 8,8070 
of controls, 6,7070 of pruned trees and none of the felled trees 
bore pods in 1986. 
Discussion 
Stimulatory effects of partial and dormant season harvesting 
of current season's shoots have been reported for Australian 
Acacia spp. (Maconochie 1973), Leucaena leucocephala 
(Osman 1981), various American shrubs (Shepherd 1971), 
Portulaccaria aira in the eastern Cape (Aucamp 1979) and 
for grasses (McNaughton 1979). Winter pruning or felling of 
Acacia tortilis at Deelkraal increased absolute (g tree - I) and 
relative (g mm - 2 of tree basal area) shoot production in the 
first year. When regrowth was removed again in the next two 
winters, absolute shoot production and basal area increment 
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Figure 9 Distribution of the Acacia tortilis population at Deelkraal 
according to the number of stems per tree and to basal diameter and 
height classes in 1982 and 1986. Basal diameter class 1 < 200 mm and 
class interval is 200 mm, height class 1 < 0,5 m and class interval is 
0,5 m. Stippling indicates pod-bearing trees. No record of pod-bearing 
was kept in 1982. 
fell below that of control trees. The apparent stimulatory effect 
of occasional pruning has been attributed to mobilization of 
stored carbohydrates which produce compensatory growth, 
or to reduction of stored non-structural carbohydrates which, 
when present at high concentrations, can inhibit photosyn-
thesis (Crawley 1983). 
Pruning or defoliation early in the growing season, when 
stored carbohydrates have been expended to produce leaves 
and shoots in spring, reduces the productivity of trees, shrubs 
and grasses more than comparable damage at other phases 
of the growth cycle (Menke & Trlica 1981). Repeated har-
vesting, continuous browsing or felling followed by browsing 
have been shown to reduce shoot production of Acacia karroo 
in the eastern Cape (du Toit 1972b; Aucamp et al. 1984), 
Acacia spp. and broad-leaved trees in the Sahel (Cisse 1980) 
and shrubs and grasses in Colorado (Buwai & Trlica 1977). 
Defoliation reduces basal increment in the Scots pine (Ericsson 
et al. 1985) and root growth in Populus sp., and Cl4 tracers 
have shown that after defoliation the carbohydrate flow 
decreases to roots and increases to shoots (Bassman & Dick-
mann 1985). 
The reducing effects of summer pruning are used by 
horticulturalists to manipulate the shapes and sizes of orna-
mental plants (Anon. 1981), whereas winter pruning is used 
to increase lateral branching and increase fruit yield. Growing-
season pruning reduces leaf area, removes potential storage 
materials and mobilizes stored carbohydrates (Crawley 1983). 
For this reason its effects on deciduous and semi-deciduous 
plants differ greatly from dormant-season pruning which 
removes mainly structural woody material and buds. 
Although this study of A. tortilis shows that shoot dry mass 
production, relative to stem basal area, was greater in winter-
pruned trees than in controls, the reduced rate of basal 
increment would eventually result in a decrease in shoot 
production of pruned trees relative to controls. American 
studies of woody plant utilization report a great variation 
between species in harvesting tolerance, but maximum sus-
tainable yield seldom exceeds 50070 of the annual shoot 
production (Shepherd 1971). Pellew (1980), noting that Acacia 
spp., including A. tortilis, lost between 58% and 78% of their 
net browse production to browsing giraffe, concluded that 
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Acacia spp. were particularly tolerant of utilization. In the 
present study, although trees annually stripped of all annual 
shoot growth in three consecutive years failed to keep pace 
with undamaged trees, their shoot mass production and basal 
areas nevertheless continued to increase from year to year. 
This resilience to shoot loss may partly be attributed to high 
chlorophyll levels in the epidermis of older shoots (Pellew 
1980) and partly to the production of new leaves on old nodes. 
The positive correlation of shoot dry mass production 
(excluding leaves) with rainfall of the current growing season 
in both control and winter-pruned A. tortilis at Deelkraal 
contrasts with results obtained in broadleaved savanna trees 
at Nylsvley, where annual shoot production (including leaves) 
was related to the previous season's rainfall (Rutherford & 
Panagos 1982). Unlike the broadleaved trees studied by 
Rutherford & Panagos (1982), Acacia spp. produce leaves on 
old wood before shoots extend (Milton 1987). It is therefore 
possible that twig growth in A. tortilis is a product of current 
rather than stored photosynthates. 
The relationship between A . tortilis shoot production and 
grassiness at the Deelkraal site, probably reflects the response 
to soil moisture rather than to grass per se. Grasses dominant 
on quadrats where the grass index was low were Aristida spp., 
Urochloa sp. and Rhyncheletrum sp. Where the grass index 
was high, dominant grasses included such moisture-loving 
species as Hyperthelia dissoluta (Nees ex Steud.) Clayton, 
Digitaria eriantha Steud. and Sporobolus pyramidalis Beauv. 
as well as Cyperaceae and the aquatic fern, Marsilea sp. 
Rainfall throughout the study period was below the long-term 
mean for the area. It is unlikely that shoot production in the 
study area would increase at a constant rate with rainfall 
because waterlogging of depressions in high rainfall years 
would be expected to reduce tree growth. 
The growth response of A. tortilis to rainfall and apparent 
soil moisture is not unexpected. Water stress inhibits the 
growth of A. karroo (Teague 1983), and relative growth rates 
of A. tortilis and other browse trees in the Serengeti are less 
than half those recorded in moist sites (Herlocker 1976 in 
Lamprey et al. 1980). 
Variation in grass cover, and hence in competition between 
grass and tree seedlings may explain the variation in tree 
density in the experimental grid, and its negative correlation 
with the grass index. 
The slightly increased investment of dry matter in thorns 
in response to shoot loss may be a damage-induced defense 
against browsers. An alternative explanation is that replace-
ment shoots, produced in response to pruning, have a greater 
diameter and can therefore, in accordance with Corner's 
(1949) rule, support larger appendages. The lack of large 
straight thorns on A. tortilis coppice shoots (viz. the low thorn 
dry mass) may reflect a return to juvenile morphology in 
which hooked and straight thorns are poorly differentiated. 
Functional attributes of these coppice shoots were not investi-
gated, but it is possible that, as in the case of phyllodinous 
Australian Acacia spp. (Milton 1982), juvenile morphology 
is more shade tolerant than that of mature trees. Pod produc-
tion is related to tree size. Harvesting reduces the rate of basal 
growth and so will delay or reduce pod production. 
Harvesting trials in this study were not intended to simulate 
browsing or to predict the amount of consumable dry matter 
produced by trees. Although the shoots were mostly within 
the reach of small to medium browsers, only part of the total 
shoot crop of winter-pruned trees would have been acceptable 
as the stems were lignified. All shoots removed during multiple 
pruning trials in summer were soft and green. Protein content 
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of young A . tortilis shoots is high (10% - 20070, Pellew 1980) 
but lack of information on palatability, HCN levels and the 
possible presence of damage-induced toxins (van Hoven 1984) 
makes browse value of young shoots produced in these trials 
impossible to quantify. Although giraffe evidently browse 
green A. torti/is shoots (Pellew 1980), use of the species by 
browsers at Nylsvley is limited to the winter months (Milton 
1987). 
Conclusion 
(a) The parameter 'shoot mass per unit current base area' 
is useful for comparing the relative production of trees of 
different sizes over successive years and between sites and 
treatments. Shoot mass relativized to initial base area can be 
used to compare regrowth of unmatched felled trees. 
(b) Net annual shoot mass production can be estimated with 
great accuracy from the sum of the basal diameters of current 
shoots. 
(c) A. torti/is saplings continued to increase in size when 
annual shoot growth was completely removed in three suc-
cessive years, but the rate of growth declined more rapidly 
in response to harvesting in the growing season than to 
harvesting in the winter. 
(d) Shoot mass yield per unit current base area is positively 
correlated with rainfall and appears to increase along a soil 
moisture gradient. 
(e) Protection from or exposure to repeated growing season 
damage could be used as a means of manipulating height, 
growth rate, branching pattern and browse quality of A. 
torti/is. 
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